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Bunyaviruses are trisegmented, negative-sense RNA viruses. Previously, we described a rescue system to recover infectious Bunyamwera
virus (genus Orthobunyavirus) entirely from cloned cDNA (Bridgen, A. and Elliott, R.M. (1996) Proc. Nat. Acad. Sci. USA 93, 15400–
15404) utilizing a recombinant vaccinia virus expressing bacteriophage T7 RNA polymerase to drive intracellular transcription of transfected
T7 promoter-containing plasmids. Here we report efforts to improve the efficiency of the system by comparing different methods of
providing T7 polymerase. We found that a BHK-derived cell line BSR-T7/5 that constitutively expresses T7 RNA polymerase supported
efficient and reproducible recovery of Bunyamwera virus, routinely generating N107 pfu per rescue experiment. Furthermore, we show that
the virus can be recovered from transfecting cells with just three plasmids that express full-length antigenome viral RNAs, greatly simplifying
the procedure. We suggest that this procedure should be applicable to viruses in other genera of the family Bunyaviridae and perhaps also to
arenaviruses.
D 2004 Elsevier Inc. All rights reserved.
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Study of the molecular biology of negative-strand RNA
viruses has been revolutionized by the development of
reverse genetic techniques. These comprise two approaches,
firstly dminigenomeT or dminirepliconT systems, in which
genome analogues usually containing a reduced number of
viral genes and the inclusion of an easily measurable
reporter gene are transcribed and replicated by coexpressed
viral proteins, and secondly drescueT systems whereby
infectious viruses, containing specific genetic alterations,
are recovered (rescued) from cDNA copies of the viral
genomes. To date, minigenome systems are available for
representatives of all families of negative-sense RNA
viruses while rescue systems have been reported for the
nonsegmented genome rhabdoviruses, paramyxoviruses,0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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paper.and filoviruses, and the segmented genome bunyaviruses
and orthomxyoviruses (reviewed in Kawaoka, 2004).
Bunyaviruses are characterized by a tripartite negative-
strand RNA genome. More than 300 mainly arthropod-
borne viruses are contained in the family that is subdivided
into five genera: Orthobunyavirus, Hantavirus, Nairovirus,
Phlebovirus, and Tospovirus (Elliott et al., 2000). With the
exception of the Tospovirus genus, viruses in each of the
other genera infect animals, including man, and cause
significant human disease ranging from acute debilitating
febrile illness (e.g., Oropouche orthobunyavirus), through
encephalitis (e.g., La Crosse orthobunyavirus), and acute
respiratory disease (e.g., Sin Nombre hantavirus) to hemor-
rhagic fever (e.g., Rift Valley fever phlebovirus, Crimean-
Congo hemorrhagic fever nairovirus) and hemorrhagic fever
with renal syndrome (e.g., Hantaan, Seoul, and Puumala
hantaviruses; Elliott, 1997; Nichol, 2001). The Tospovirus
genus includes thrips-transmitted plant viruses that are of
major economic importance to the agricultural industry
(Prins and Goldbach, 1998).
All bunyaviruses encode four structural proteins: two
virion glycoproteins (Gn and Gc) on the medium (M)04) 493–500
Rapid Communication494segment, and two internal virion components, the nucleo-
capsid (N) protein on the small (S) segment and the viral
RNA-dependent RNA-polymerase (L protein) on the large
(L) genome segment. Some viruses also encode nonstruc-
tural proteins on the M segment (termed NSm) and on
the S segment (termed NSs) (reviewed in Elliott, 1996;
Schmaljohn and Hooper, 2001). Minigenome systems
have been described for orthobunyaviruses (Dunn et al.,
1995; Blakqori et al., 2003), hantaviruses (Flick et al.,
2003b), nairoviruses (Flick et al., 2003a), and phleboviruses
(Lopez et al., 1995; Flick and Pettersson, 2001), but thus far
a rescue system has only been reported for Bunyamwera
virus (BUN), the prototype of both the Orthobunyavirus
genus and the family Bunyaviridae (Bridgen and Elliott,
1996). In this system, mammalian cells are first infected with
a recombinant vaccinia virus vTF7-3 that expresses T7 RNA
polymerase in the cytoplasm of the cell (Fuerst et al., 1986),
followed by transfection with a mixture of three plasmids
(helper plasmids) that contain the BUN coding sequences
under T7 promoter control to express all of the BUN
proteins. The cells are then transfected with a second mixture
of plasmids (ribozyme plasmids) that contain full-length
antigenome-sense cDNAs to the three genome segments
flanked by T7 promoter and hepatitis delta ribozyme
sequences. These plasmids are transcribed intracellularly
by the T7 RNA polymerase to generate exact copy
antigenome RNAs that in turn are encapsidated by the
coexpressed N protein, replicated by the viral polymerase,
and packaged into infectious virus. In order to amplify the
small amount of drescuedT or dtransfectantT virus from the
huge background of vaccinia virus, the supernatant from the
rescue experiment is passaged through mosquito cells (which
permit bunyavirus but not vaccinia virus replication)
followed by plaque isolation of the transfectant bunyavirus
on mammalian cells. The procedure takes nearly 3 weeks and
generates only small amounts of transfectant virus. Despite
its inefficiency, the system has been used to generate a
recombinant BUN virus that lacks the NSs protein (BUN-
delNSs; Bridgen et al., 2001), which has proved an
invaluable tool in determining the function of this non-
structural protein (Kohl et al., 2003; Streitenfeld et al., 2003;
Thomas et al., 2004; Weber et al., 2002).
However, it became clear that if we wanted to recover
mutant viruses that were markedly less fit than wild type, the
inefficiency of the system would be a significant impedi-
ment. We suspected the problem was the use of vaccinia
virus to provide T7 RNA polymerase; bunyaviruses mature
at the Golgi (reviewed by Pettersson and Melin, 1996) and
the vaccinia virus is wrapped by a double membrane that is
probably derived from the Golgi (Moss, 2001; Smith et al.,
2002). We thought that if there were competition in the
Golgi between the two viruses, the vaccinia virus could win
out. Therefore, we sought to improve the system by
comparing the use of different methods to supply T7 RNA
polymerase, firstly to drive the minigenome system, and
secondly to rescue virus. We report here protocols thatroutinely produce N107 infectious bunyavirus particles per
rescue experiment with wild-type cDNA clones. Further, we
have shown that bunyaviruses can be recovered following
transfection with just the three ribozyme plasmids without
the need for separate helper-protein-expressing plasmids.Results
Comparison of minigenome systems
The original BUN minigenome system involved trans-
fection of vTF7-3-infected cells with T7 promoter-contain-
ing plasmids to express BUN L and N proteins, followed by
transfection of in vitro-transcribed BUN S segment-like
RNA containing an antisense CAT gene (Dunn et al., 1995).
An important modification to the system was to bypass the
RNA transfection step. Attempts to use a plasmid containing
the S-CAT construct flanked by the T7 promoter and
hepatitis delta ribozyme (in pT7ribo; Dunn et al., 1995)
proved unsuccessful because of a cryptic vaccinia virus
promoter in the S sequences that allowed vaccinia virus-
driven expression of a message-sense CAT RNA. This gave
rise to significant background of CAT activity in vTF7-3-
infected cells not expressing BUN proteins (E. Dunn and
R.M. Elliott, unpublished observations). However, a con-
struct based on the M segment untranslated regions did not
give CAT expression in the absence of BUN proteins. This
provided a more convenient assay format as all plasmids
could be transfected simultaneously into vTF7-3 infected
cells. (In passing, a minigenome based on L segment UTRs
also showed background CAT activity when transfected into
vTF7-3 infected cells, suggesting it also contained a
vaccinia virus promoter sequence.) In later experiments,
the CAT gene was replaced with that of Renilla luciferase;
this construct also showed no background luciferase
activity.
Using this new reporter construct, comparisons were
made between the vTF7-3-driven system and three other
methods of expressing T7 RNA polymerase: a hybrid
baculovirus containing the T7 RNA polymerase gene under
a mammalian promoter (Yap et al., 1997); BHK cell lines
expressing T7 RNA polymerase from a noncytopathic
Sindbis virus replicon (Agapov et al., 1998); and a BHK-
derived cell line BSR-T7/5 that constitutively expresses T7
RNA polymerase (Buchholz et al., 1999). All of these
systems supported transcription and replication (Dunn et al.,
1995) of the BUN minigenome. Many experiments were
performed to optimize assay conditions, such as amounts of
plasmid transfected and time of incubation. Using optimal
conditions for each system, a comparison of activities is
shown in Fig. 1. In each case, the CAT assays were
performed under the same conditions but different amounts
of cell extract were used. These are presented as cell
equivalents in the figure. The most efficient system, in
terms of fewest cell equivalents giving high CAT activity,
Fig. 1. Comparison of minigenome activity. Minigenome assays were performed as described in Materials and methods: (A) BHK cells infected with 5 pfu/cell
recombinant vaccinia virus vTF7-3; (B) BHK cells expressing T7 RNA polymerase from a Sindbis virus replicon; (C) BHK cells infected with 80 pfu/cell
recombinant baculovirus AcCAT7; and (D) a BHK-derived cell line BSR-T7/5 constitutively expressing T7 RNA polymerase. Cell lysates were prepared and
CAT activity measured in appropriate volumes of the extracts as indicated in number of cell equivalents. In each case the cells were transfected with the
minigenome construct pT7riboBUNMCAT, except samples 8 and 12 that were transfected with the control plasmid pTZ CAT as indicated. Cells were also
transfected with pTM1-BUNL and pTM1-BUNS as indicated, though pTM1-BUNS was substituted by pTM1-BUNN in samples 5, 6, 10, 20, and 21. For the
experiment shown in panel C, 10 mM sodium butyrate was added to the cells for samples 15 and 16.
Fig. 2. Comparison of minigenome activity in BSR-T7/5 and BHK-SinT7
cell. Cells were transfected with pT7riboBUNMRen() alone (mock) or in
combination with pTM-BUNL and pTM-BUNN as indicated. Renilla
luciferase activity was measured in all cases from 6  104 cell equivalents.
Rapid Communication 495was that based on vTF7-3; this was about 10-fold more
efficient than using BSR-T7/5 cells. BHK cells expressing
T7 polymerase via the Sindbis virus replicon were about
10-fold less efficient than the BSR-T7/5 cells, with the
recombinant baculovirus-T7 polymerase system about
another 5-fold less efficient. Addition of sodium butyrate
to the medium of baculovirus-infected cells (Fig. 1C, lanes
15 and 16) to stimulate protein synthesis (Winge and
Pryme, 2002 and references therein) enhanced efficiency
slightly, but the baculovirus-based system was not studied
further.
Use of BSR-T7/5 cells and BHK-SinT7 cells was
directly compared using the Renilla luciferase minigenome
(Fig. 2). With optimal plasmid amounts and the same
number of cell equivalents, BSR-T7/5 cells were about 20-
fold more efficient at supporting minigenome activity than
BHK-SinT7 cells. However, it is important to note the very
low background levels in these experiments, such that even
in the weaker BHK-SinT7 cell system the positive result
showed luciferase activity some 10,000-fold over back-
ground. This highlights the sensitivity of the luciferase
reporter, and coupled with the convenience of the assay
protocol, we now prefer to use this rather than the CAT
reporter.Rescue of bunyavirus in BSR-T7/5 cells
We attempted to rescue wild-type bunyavirus in BSR-T7/
5 cells and BHK-SinT7 cells. In parallel experiments using
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Rapid Communication496the same batches of plasmids, all attempts in BHK-SinT7
cells were unsuccessful. However, rescue experiments in
BSR-T7/5 cells proved immediately successful, and even in
preliminary experiments, it was obvious that the system
yielded considerably higher titers of BUN than the original
vTF7-3-driven approach. In addition, transfectant virus
could be recovered from the supernatant of transfected cells
directly by plaque assay on Vero or BHK cells, shortening
the procedure to about 10 days. The protocol was optimized
and simplified such that transfecting a mixture containing
1.5 Ag of each of the six plasmids into 1  106 cells in a 60-
mm diameter petri dish routinely yielded N107 pfu per dish.
The highest recovery thus far has been 2  108 pfu (data not
shown). Maximum yields of virus were recovered at 5 days
post-transfection but significant yields (1–3  105 pfu) were
detected at 3 days post-transfection.
Five plasmid rescue
In analogous systems to recover nonsegmented negative-
strand viruses, for example, rabies (Schnell et al., 1994),
only helper plasmids expressing the replication proteins
were used. Synthesis of the other structural proteins such as
matrix and glycoproteins was mediated by mRNAs tran-
scribed from the rescued negative sense RNA. Previously,
we attempted to recover BUN using the vTF7-3-driven
system without the use of the BUN glycoprotein expressing
helper plasmid but were always unsuccessful (A. Bridgen
and R.M. Elliott, unpublished data). We investigated
whether BUN could be recovered in the BSR-T7/5 cells
without cotransfection of pTM1-BUNM and titrated the
amount of transfectant virus in the supernatant. There was
no significant effect on the efficiency of recovery whether or
not the glycoproteins were expressed from a helper plasmid
(see Table 2 later).
Ribozyme plasmids support minigenome replication
On occasion, a rescue experiment has failed with a new
preparation of plasmid, and we thought a reason for this
could be a deleterious mutation acquired by the plasmid
during its propagation. The pTM1-derived plasmids
expressing L and N proteins are easily checked for
functionality in the minigenome system, and this assay is
performed routinely with each plasmid preparation. We next
determined whether the ribozyme plasmids could be used in
the minigenome system to test their functionality. Therefore,
pT7riboBUNL and pT7riboBUNS plasmids were substi-
tuted for their pTM1-derived equivalents; the results are
shown in Fig. 3. BUN proteins translated from the full-
length antigenome RNAs were indeed able to support
transcription and replication of the minigenome with an
efficiency of about 10% of that obtained using the pTM1
constructs. This suggests that the antigenome RNAs can act
as messages, presumably before they themselves become
encapsidated by the N protein. Thus, the minigenome
Fig. 3. Comparison of minigenome activity by pTM1 or pT7ribo plasmids.
BSR-T7/5 cells were transfected with pT7riboBUNMRen() alone (mock)
or in combination with pTM-BUNL and pTM-BUNS or pT7riboBUNL and
pT7riboBUNS as indicated. Renilla luciferase activity was measured in all
cases from 3  104 cell equivalents.
Rapid Communication 497system has utility in checking the functionality of the L and
S segment-derived ribozyme clones.
Three plasmid rescue
As the above result indicated that antigenomic RNA
transcribed from ribozyme plasmids could be translated, we
thought it possible that infectious virus might also be
recovered from transfection of just the three ribozyme
plasmids. Therefore, BSR-T7/5 cells were transfected with 1
Ag of each plasmid, and the supernatant harvested at 5 days
post-transfection for plaque assay in Vero cells. Perhaps
surprisingly, transfectant BUN was recovered in this
preliminary experiment at a titer similar to that from six-
or five-plasmid rescue experiments (data not shown). To
pursue this approach further, different amounts of plasmid
were used in a series of rescue experiments; 13 out of 13
transfections yielded virus in the range 1  105 to 4  107
pfu (Table 1). We ascribe the differences in recovery to
subtle differences in transfection efficiency or condition of
the BSR-T7/5 cells rather than specific ratios of each
plasmid DNA. We then compared the yields of BUN
derived from six-, five-, and three-plasmid rescues using the
same batches of ribozyme plasmids in three independent
experiments (Table 2). In each case, the yield from the three-
plasmid rescue was comparable, if not better, than the five-
or six-plasmid system. The three-plasmid system is now
routinely used in our laboratory.Table 2
Yield of wild-type Bunyamwera virus (total pfu) derived from six-, five-,
and three-plasmid transfections
Experiment No. of plasmids
6 5 3
1 2.1  107 1.2  108 1.0  108
2 1.2  107 3.5  107 6.0  107
3 2.5  107 3.5  107 3.5  107
The same batches of plasmid were used within each independent experi-
ment. In each experiment, 1.3 Ag of each pT7ribo plasmid and 0.3 Ag of
each pTM1 plasmid as appropriate were transfected into BSR-T7/5 cells.Discussion
Current reverse genetic systems for negative-strand RNA
viruses rely on the production of viral transcripts from
transfected plasmids by either bacteriophage T7 RNA
polymerase or RNA polymerase I (reviewed in Kawaoka,
2004). RNA polymerase I synthesizes unmodified RNA
species containing defined terminal sequences in the nucleus
of transfected cells, whereas viral transcripts are made in thecytoplasm with T7 RNA polymerase-driven systems. With
regard to members of the Bunyaviridae , both RNA
polymerases have been utilized to develop minigenome
systems for representatives of each of the four genera of the
Bunyaviridae that infect animals (Dunn et al., 1995; Flick
and Pettersson, 2001; Flick et al., 2003a, 2003b; Lopez et
al., 1995; Weber et al., 2003), though to date only
orthobunyaviruses have been rescued from cDNA using
T7 RNA polymerase-based approaches (Bridgen and Elliott,
1996; Bridgen et al., 2001; results described above).
In this paper, we compared different ways to express T7
RNA polymerase in mammalian cells and found the
recombinant vaccinia virus vTF7-3 (Fuerst et al., 1986)
the most efficient in a minigenome system. However, cells
constitutively expressing T7 RNA polymerase provided a
simpler experimental protocol and under optimized con-
ditions gave greater than 10,000-fold increase in bunyavi-
rus-specific reporter activity over background (Fig. 3). In
the RNA polymerase I system employed by Flick et al.
(2003a, 2003b) for hantaviruses and nairoviruses, back-
ground levels appear quite high, and although difficult to
determine from the graphs in these papers, a positive result
seems to be around a 20- to 50-fold increase over
background.
In contrast to the results with minigenomes, when
comparing efficiencies of virus rescue, the BSR-T7/5 cell
line that constitutively expresses T7 polymerase (Buchholz
et al., 1999) proved far superior to cells infected with vTF7-
3. The BSR-T7/5 cell line has proven useful as a host for
recovering many other negative-strand RNA viruses
(reviewed in Kawaoka, 2004). Based on our experience,
we suggest that the relatively low level of minigenome
activity in the RNA polymerase I system reported by Flick
et al. (2003a, 2003b) will compromise attempts to develop
rescue systems for hantaviruses and nairoviruses.
In BSR-T7/5 cells, efficient minigenome activity was
thought to depend on transcription of helper mRNAs
containing IRES elements to promote efficient protein
translation, since its cytoplasmic transcription is expected
to result in synthesis of uncapped RNAs (Buchholz et al.,
1999). This is not the case in cells infected with the
recombinant vaccinia virus as this virus encodes its own
capping enzyme (Moss, 2001). It was therefore somewhat
surprising that RNAs synthesized from ribozyme-containing
Rapid Communication498plasmids that would not have 5Vcaps could be translated and
support minigenome activity, albeit at lower levels than
when IRES-containing RNAs were produced (Fig. 3).
Perhaps the 5V UTR sequences on these RNAs confer
stability that allows translation to occur before degradation,
but this has not been investigated further. Although BHK-
SinT7 cells were efficient for supporting minigenome
activity, all attempts to rescue infectious bunyavirus have
been unsuccessful. Presumably, the intracellular milieu
containing Sindbis virus proteins is incompatible with
bunyavirus assembly; again, this has not been investigated
further.
The improvements described in this paper to the rescue
system for Bunyamwera virus, notably simplification of the
system to use just three plasmids, have resulted in a system
that should be capable of recovering severely debilitated
viruses. Superficially, the three-plasmid system is similar to
the eight-plasmid system described for influenza viruses
(Hoffmann et al., 2000), but in the latter case, RNAs are
generated bidirectionally from transfected plasmids.
Genome-sense RNAs are transcribed in one direction from
RNA polymerase I whereas mRNAs are generated by
transcription in the opposite direction from RNA polymer-
ase II. In the case of the bunyavirus system, T7 RNA
polymerase generates positive sense transcripts that appear
to act as both messages and antigenomes. In summary, we
describe a highly efficient reverse genetic system for
orthobunyaviruses. We commend this approach for rescuing
other viruses in the Bunyaviridae family and suggest it
could also be applied to arenaviruses.Materials and methods
Cells
HeLa T4+ (Maddon et al., 1986), HEK293, and Vero E6
cells (ATCC c1008) were grown in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine
serum (FBS). BHK-21 and BSR-T7/5 (a BHK derivative
that stably expresses T7 RNA polymerase (Buchholz et al.,
1999), a kind gift of Dr. K.-K. Conzelmann) cells were
maintained in Glasgow minimal essential medium (GMEM)
supplemented with 10% tryptose phosphate broth, 10%
FBS, and, for BSR-T7/5 cells only, 1 mg per ml of
geneticin. BHK cells expressing T7 RNA polymerase via
the Sindbis virus-derived replicon pSINrep19 were selected
with puromycin as described (Agapov et al., 1998) and were
maintained in supplemented GMEM containing 5 Ag/ml
puromycin; these cells were routinely maintained for 20
passages.
Viruses
Recombinant vaccinia virus vTF7-3 that expresses T7
RNA polymerase (Fuerst et al., 1986) was supplied by DrB. Moss (NIH, Bethesda), and recombinant baculovirus
AcCAT7 (Yap et al., 1997) that expresses T7 RNA
polymerase under control of the strong mammalian CAG
promoter (a composite promoter comprising the cytome-
galovirus immediate early enhancer, chicken h-actin
promoter, and rabbit h-globin polyadenylation signal)
was supplied by Dr. Y. Matsuura (Osaka University,
Japan).
Plasmids
Plasmids that express BUN proteins (pTM1-BUNL
(expressing L protein), pTM1-BUNM (expressing Gn,
NSm and Gc), pTM1-BUNS (expressing N and NSs), and
pTM1-BUNN (expressing N alone)) or generate full-length
antigenome RNA transcripts (pT7riboBUNL(+), pT7ribo-
BUNM(+), pT7riboBUNS(+), and pT7riboBUNN) have
been described previously (Bridgen and Elliott, 1996;
Bridgen et al., 2001; Weber et al., 2001), as has the
minigenome expressing plasmid pT7riboBUNMREN()
(Weber et al., 2001). pT7riboBUNMCAT contains the
antisense CAT ORF flanked by the complete BUN M
segment UTRs (E.F. Dunn and R.M. Elliott, unpublished)
in the vector pT7ribo (Dunn et al., 1995). pTZ-CAT
contains the CAT ORF under control of the T7 promoter in
pTZ18U and pTM1-FF-Luc contains the firefly luciferase
in the vector pTM1 (Moss et al., 1990). pSINrep/T7pol
(Agapov et al., 1998) is a noncytopathic Sindbis virus-
derived replicon expressing T7 RNA polymerase and was
provided by Dr C. Rice (The Rockefeller University, New
York).
Minigenome assays
Minigenome assays were optimized with respect to the
amounts of plasmid DNA transfected, and the optimized
conditions were used for comparative experiments. In all
cases, plasmids were diluted in 250 Al OptiMEM (Invi-
trogen) and mixed with an equal volume of OptiMEM
containing 10-Al liposomes prepared as described by Rose
et al. (1991). After 3 h at 37 8C, the cells were washed with
OptiMEM and growth medium added; incubation was
continued overnight at 37 8C. Cell lysates were prepared
as described previously for CAT assay (Dunn et al., 1995) or
luciferase assay (Weber et al., 2001).
vTF7-3-driven system
6  105 BHK or HEK293 cells were infected with
vTF7-3 at 5 pfu/cell for 1 h, and then transfected with
0.5 Ag pTM1-BUNL, 0.2 Ag pTM1-BUNS or pTM1-
BUNN, and 1 Ag pT7riboBUNMCAT plasmid DNA.
Baculovirus-T7 system
6  105 BHK cells were infected with AcCAT7 at 80
pfu/cell for 1 h, and after washing the cells were incubated
at 37 8C for 24 h before transfecting with 1.0 or 0.25 Ag
Rapid Communication 499pTM1-BUNL, 0.25 or 0.1 Ag pTM1-BUNS, and 1 Ag
pT7riboBUNMCAT plasmid DNA. Cells were harvested for
CAT assay 16 h later. In some cases sodium butyrate was
added to 10 mM after baculovirus infection.
BHK-SinT7 cell system
This was performed as described previously (Weber et
al., 2001); 6  105 cells were transfected with 0.25 Ag
pTM1-BUNL, 0.1 Ag pTM1-BUNS, and 1 Ag pT7ribo-
BUNMCAT or 1 Ag pT7riboBUNMREN() DNA.
BSR-T7/5 cell system
6  105 cells were transfected with 0.25 Ag pTM1-
BUNL, 0.1 Ag pTM1-BUNS, and 1 Ag pT7riboBUNMCAT
or 0.3 Ag pT7riboBUNMREN() DNA.
Virus rescue
BSR-T7/5 cells (1  106 in a 60-mm diameter petri dish)
were transfected with mixtures of plasmid DNAs as
described in Tables 1 and 2 using10 Al DAC-30 (Eurogentec)
as transfectant in a total volume of 0.7 ml OptiMEM. After
5 h at 37 8C, 4 ml of supplemented GMEM was added and
incubation continued for 4–5 days at 37 8C. The supernatant
fluid was collected, clarified by low speed centrifugation,
and plaque assays in BHK or Vero cells performed as
described previously (Watret et al., 1985).Acknowledgments
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